G. C. TURNER' AND P. E. COX From the Department of Pathology, Sefton General Hospital, Liverpool SYNOPSIS Cloxacillin-resistant strains of Staphylococcus aureus were detected by their ability to grow on agar containing 1 *6 ,ug./ml. of cloxacillin, a more reliable method than the disc-diffusion test.
At Sefton General Hospital, Liverpool, between 1963 and was an increase in the number of infections among in-patients that were caused by staphylococci resistant to cloxacillin despite the fact that use of the antibiotic was largely confined to an isolation ward for patients with staphylococcal sepsis.
Although there is no evidence yet that staphylococci resistant to cloxacillin will become as common in hospital practice as those resistant to penicillin and tetracycline it is clear that there is a need for continued vigilance and measures to prevent spread of staphylococci from infected patients.
The last 20 years have seen the emergence of varieties of Staphylococcus aureus resistant to a succession of antibiotics as these have been introduced in turn in hospital practice. Since the appearance of the now commonplace penicillin-resistant staphylococci, which owe their resistance to the production of penicillinase, staphylococci have emerged which are resistant to streptomycin, tetracycline, and usually mercuric chloride; because such strains are now very common among patients in hospital and much less so among others, the term 'hospital staphylococci' is often used to describe them. These strains are also often resistant to erythromycin and sometimes to chloramphenicol; some are resistant to neomycin and these almost always show unusual reactions with typing bacteriophages (Jevons, John, and Parker, 1966) .
These multiple-resistant strains usually produce large amounts of penicillinase (Richmond, Parker, Jevons, and John, 1964) cillin-resistant cultures contain highly resistant cells which are not only relatively few in number but also grow in vitro at a slower rate than sensitive cells; they are as a result difficult to detect by the ordinary discdiffusion technique on agar. We found, in disc-diffusion tests, that resistant cultures showed with discs containing 5 ,ug. of cloxacillin or 10 ,ug. of methicillin (the concentrations commonly used) zones of inhibition which were reduced in diameter by comparison with that obtained with sensitive cultures. This reduction clearly corresponded to the slightly increased resistance of the majority of cells; but the difference in zone size was not clear-cut because with both sensitive and resistant cultures it varied with inoculum size. On the other hand, withaheavy inoculum (e.g., the sensitivity plate flooded with an overnight broth culture) and after 48 hours' incubation, resistant cultures showed colonies within the zone of inhibition up to the edge of the disc.
Better discrimination in terms of zone size was obtained with a 1 pg. cloxacillin disc but 48 hours' incubation was still necessary for the adequate growth of resistant colonies. Altogether clearer definition of resistance was obtained when nutrient agar plates containing serial dilutions of cloxacillin from 100,ug./ml. to 0-1 ug./ml. were spot-inoculated with a 5 mm. loopful of an overnight broth culture of each staphylococcus under test. The results, examples of which are shown in Table II , showed that the minimum inhibitory concentration (M.I.C.) of cloxacillin was about 0-2 ,ug./ ml., for penicillin-sensitive staphylococci, slightly greater for those resistant to penicillin only, and up to 1 6 ,pg./ml. for multiple-resistant staphylococci; these differences in M.I.C. among cloxacillin-sensitive strains were presumably the result ofslow inactivation group.bmj.com on October 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from of cloxacillin by penicillinase (Knox and Smith, 1963) 3. Some strains, including a few of phage type 83A, ti mainly isolated during the earlier part of the period b4 covered by the investigation, were 'borderline' resis-d tant; they grew on agar containing 1 6 ,ug./ml., but m not at higher concentrations. Examination of the (1 case histories of the patients, from whom these borderline strains had been isolated, showed (Table se III) that when cloxacillin had been used in treatment al the staphylococcus had been in each case eliminated oI 8 (5-4%) 9 (7-6%) 22 (16-6%) 'Among the 39 cloxacillin-resistant infections there were five in which the lesion had been infected earlier with a multiple-resistant but cloxacillin-sensitive staphylococcus of another phage-type.
The 39 cloxacillin-resistant strains responsible for these infections were isolated from: wound infections, 15, sputum 13, minor sepsis 7, urine 2, parotid infection 1, faeces l. The distribution of infections was thus typical of those caused by antibiotic-resistant hospital staphylococci.
WERE THE INFECTIONS ACQUIRED IN HOSPITAL?
In 27 patients the infections were first detected 15 or more days after admission and in 10 others, four to 14 days after admission to hospital. The remaining two occurred in patients, who shortly after discharge from the hospital, were readmitted and found within thiee days to be infected with a cloxacillin-resistant strain.
It is almost certain therefore that all the infections were acquired in hospital. Of these infections only three were acquired by patients in the isolation ward; one of these was evidently infected from a nurse who was a nasal carrier of a cloxacillin-resistant strain of the same phage type. Of these three patients, two acquired the infection while being treated with cloxacillin in each case for another infection by a staphylococcus of a different phage type. The other 36 patients presumably acquired their infections in general wards; only one was on cloxacillin treatment when the resistant strain was isolated.
WARD OUTBREAKS In several wards, all infections with cloxacillin-resistant staphylococci over a long period were caused by strains of one phage type (Table V) (Turner et al., 1965) .
It was clear, however, from the relatively large number of these infections which occurred as outbreaks in general wards that cross-infection in these wards was responsible for the increase in their incidence. The policy of isolating all patients with such infections was extended in the case of the outbreak in ward E (Table V) to include patients found to be nasal carriers of cloxacillin-resistant staphylococci.
This isolation policy may have been responsible for the fact that the sharp increase in the number of new infections with cloxacillin-resistant staphylococci in the autumn of 1965 was shortlived but it was probably not the only factor. Thus Colley et al. (1965) reported from a hospital in London a month-by-month incidence of methicillin-resistant staphylococcal infections which showed a waxing and waning similar to the pattern described here although, at their hospital, patients with these infections were apparently not nursed in a separate ward. It is still not clear whether cloxacillin-resistant staphylococci, the more resistant cells of which are relatively slow growing in vitro, have the exceptional ability to spread among hospital patients which is evidently possessed by multipleresistant staphylococci of the 'epidemic' varieties.
